The CO-difference spectrum of microsomes from rats treated with the polychlorinated biphenyls mixture, Aroclor 1254, has an absorption maximum at 448 nm. With ethylisocyananide as the ligand for reduced microsomes, Aroclor 1254 treatment causes a shift in the 455-nm peak to 453 nm and increases the ratio of absorbance of 455 nm to that at 430 nm from 0.53, obtained with untreated rats, to 1.24. These findings are similar to those seen in rats treated with the polycyclic hydrocarbon, 3-methylcholanthrene, but differ from those that characterize cytochrome P-450 in control or phenobarbitaltreated rats. Aroclor 1254 treatment results in a tripling of cytochrome P-448 content and a 10-fold increase in benzo-[alpyrene hydroxylation. However-unlike 3-methylcholanthrene, but like the phenobarbital type of inducing agents-Aroclor 1254 treatment causes a significant enhancement of ethylmorphine N-demethylase. These data suggest that Aroclor 1254-induced cytochrome P-448 may be catalytically different from the 3-methylcholanthreneinduced P-448 or that the hemoprotein(s) induced by Aroclor 1254 may be a mixture of cytochromes P-448 and P-450 exhibiting catalytic properties of both cytochromes.
Polychlorinated biphenyls are industrial chemicals used as lubricants, heat-exchange fluids, insulators, and as plasticizers in paints, synthetic resins, and plastics used in a wide variety of commercial and domestic products. Residues of polychlorinated biphenyls have been widely found in tissues of fish and wildlife (1) (2) (3) (4) . Contamination of human adipose tissue and of bovine and human milk has been reported (5) (6) (7) (8) .
The polychlorinated biphenyl mixtures manufactured in the United States are marketed under the trade name Aroclor. The Aroclors are designated by four-digit numbers, the last two digits of which define the percent of chlorine content by weight, e.g., Aroclor 1254 contains 54% chlorine.
Previous studies have shown that polychlorinated biphenyls are inducers of steroid hydroxylases in birds (1, 9) , and of drug-metabolizing enzymes in animals (10, 11) . The microsomal hemoprotein, cytochrome P450, has been implicated as the terminal oxidase in the hepatic enzyme systems that metabolize many drugs, other foreign compounds, and normal body constituents. Inducers of drug-metabolizing enzymes in liver have been categorized into two groups (12, 13) . One groups of inducers, of which phenobarbital is a prototype, enhances the metabolism of a large variety of substrates by liver cells; a second group stimulates the metabolism of only a few Abbreviation: 3-MeChol, 3 Ethylmorphine N-demethylase activity was determined as described (20) . Benzo[a]pyrene hydroxylase activity was determined in a reaction mixture containing 100 jumol of potassium phosphate buffer (pH 7.4), 3 ,mol of MgCl2, 1.0 jumol of NADPH, 100 nmol of benzo[a]pyrene (added in 0.05 ml of acetone), and 9000 X g supernatant derived from 4 mg of liver, wet weight, in a final volume of 1.0 ml. The mixture was incubated at 370 for 5 min and the product was measured by the method of Nebert and Gelboin (21) . In the benzo-[alpyrene hydroxylase assay, 9000 X g supernatant was used because previous studies (22) had shown that the Michaelis constant was similar whether 9000 X g supernatant or microsomes were used. Cytochrome P450 content was determined by the method of Omura and Sato (23) , from the CO-difference spectrum of dithionite-reduced microsomes, using an extinction coefficient of 91 mM-1 cm-' between 450 or 448 and 490 nm. The ethylisocyanide difference spectrum was determined in a similar manner, except that instead of bubbling CO through the solution, ethylisocyanide in a final concentration of 4.5 mM was added to the sample cuvette. The difference in absorption at 430 and 500 nm was used as an estimate of the 430-nm peak, and the difference in absorption at 455 or 453 and 500 nm was used as an estimate of the 455nm peak. Protein contents were determined by the method of Sutherland et al. (24) .
RESULTS
Effect of Aroclor 1254 Treatment on the Spectral Properties of Cytochrome P-450 in Liver Microsomes. The CO-difference spectra of liver microsomes from untreated rats and rats treated with Aroclor 1254, are shown in Fig. 1 . A difference spectrum with a peak at 450 nm was observed with microsomes from untreated rats, as expected (25, 26 to 430-nm peaks observed with Aroclor were of a lesser magnitude than those observed with 3-MeChol. In contrast, phenobarbital pretreatment resulted in a 3-fold increase in cytochrome P450, and the ratio of the 455-nm to 430-nm peaks was similar to that observed with untreated rats. As expected (15, 28), 3-MeChol had no effect on the activity of ethylmorphine N-demethylase; however, Aroclor treatment (Table 2 ) resulted in a significant enhancement of N-demethylase activity, though of a lesser magnitude than that observed in rats treated with phenobairbital. The data obtained with 3-MeChol and phenobarbital are similar to those previously reported (14, 15, 28, 29) .
DISCUSSION
The possible health hazard to humans presented by the environmental pollutant, polychlorinated biphenyls, is unclear, but recent disclosures of the presence of this contaminant in human adipose tissue (5, 7, 8) and in human milk (6) raise serious questions as to the potential effects of these tissue contaminants on human health. In these studies Aroclor 1254 was used as a representative mixture of polychlorinated biphenyl compounds since it is similar to the polychlorinated biphenyl residues found in some human adipose tissues (7) . The data presented in this paper show that Aroclor 1254 is a potent inducer of the microsomal hemoprotein, cytochrome P-448, and of benzo [a]pyrene hydroxylase and ethylmorphine N-demethylase.
Barbiturates and polycyclic hydrocarbons appear to stimulate drug-metabolizing enzymes of liver by different mechanisms. The barbiturates induce the metabolism of many substrates. For example, phenobarbital in rats is a potent inducer of cytochrome P-450, and enhances the metabolism of drugs in vitro as well as in vivo. However, it is a poor inducer of the aryl hydrocarbon hydroxylases. In contrast, polycyclic hydrocarbons, such as 3-MeChol, induce the formation of a spectrally and catalytically different hemoprotein, cytochrome P-448 (14, 16). 3-MeChol is a potent inducer of aryl hydrocarbon hydroxylases (30) , but does not enhance the N-demethylation of ethylmorphine (28) . Polychlorinated biphenyls, as shown in these studies, share the properties of both the polycyclic hydrocarbon and the phenobarbital types of inducer compounds. Aroclor 1254, for example, caused a 3-fold induction of cytochrome P-448, a 2-fold induction of N-demethylase activity, and a 10-fold induction of benzo[a]-pyrene hydroxylase. In addition, the hemoprotein induced by Aroclor 1254 showed a typical type-I difference spectrum with hexobarbital, similar to that observed with microsomes from untreated or phenobarbital-treated rats (unpublished observations). Cytochrome P-448 from 3-MeChol-induced rats showed with hexobarbital a modified type-II difference spectrum, as previourly reported (31) . Treatment of rats with phenobarbital enhances the metabolism and decreases the duration of action of both zoxazolamine and hexobarbital in the intact animal. On the other hand, polycyclic hydrocarbons accelerate the metabolism of zoxazolamine, but not of hexobarbital (32) . We have shown that Aroclor 1254 accelerates the metabolism of hexobarbital and zoxazolamine in vivo (10) . Thus, these data strongly suggest that the Aroclor 1254-induced cytochrome P-448 is catalytically different from the 3-MeChol-induced cytochrome P-448 or, alternatively, that the hemoprotein(s) induced by treatment with Aroclor 1254 may be a mixture of cytochromes P-448 and Aroclor 1254 is a mixture of polychlorinated biphenyls comprising chemical congeners of both high and low chlorine content. Since Aroclor 1254 shows the inducing properties of both the barbiturate and the polycyclic hydrocarbon classes of inducers, it is possible that the mixture of polychlorinated biphenyls contains one or more compounds having the barbiturate type of inductive properties and compounds having the properties of the polycyclic hydrocarbon class of inducers.
The two types of induction produced by 3-MeChol and phenobarbital proceed independently of each other when these compounds are administered simultaneously, as shown by Bidleman and Mannering (33) ; these independent induction phenomena result in biochemical and spectral findings similar to those obtained after the administration of Aroclor 1254. Our studies show that the ratio of the 455-nm to the 430-nm peaks (1.24) produced with ethylisocyanide in Aroclor 1254-treated animals ( 
